The expansion of Medicaid eligibility under the Affordable Care Act is a state-level decision that affects how patients with traumatic injury (trauma patients) interact with locoregional health care systems. Washington, DC; Maryland; and Virginia represent 3 unique payer systems with liberal, moderate, and no Medicaid expansion, respectively, under the Affordable Care Act. Characterizing the association of Medicaid expansion with hospitalization after injury is vital in the disposition planning for these patients. On multivariate regression controlling for injury severity and demographic variables, the difference in LOS for Medicaid vs non-Medicaid recipients varied significantly by state. For Medicaid recipients, mean LOS in Washington, DC, was significantly shorter (2.57 days; 95% CI, 2.36-2.79 days) than in Maryland (3.51 days; 95% CI, 2.81-4.38 days; P = .02) or Virginia (3.9 days; 95% CI, 2.79-5.45 days; P = .05).
W ith the passage of the Patient Protection and Affordable Care Act (ACA) in 2010, 32 states and Washington, DC, expanded Medicaid to include patients whose income is less than 133% above the federal poverty level (FPL) . 1 This change, in addition to expansion of parental health insurance coverage to 26 years of age, the creation of the individual mandate, and the formation of insurance exchanges, led to an overall decrease in the national uninsured rate from 16 .0% in 2010 to 9.1% in 2015. 2 States that expanded Medicaid have seen substantial reductions in their uninsured rates, and evidence suggests a correlation with improved outcomes. [3] [4] [5] The Supreme Court upheld the constitutionality of the ACA and retained the individual mandate but made Medicaid expansion a state-level decision. 6, 7 Subsequently, wide variability has ensued in the adoption of Medicaid expansion among states, with variable effects in Medicaid-associated benefits. 8 Our level I trauma center receives patients from Washington, DC; Maryland; and Virginia. Within our region, a significant variability exists in Medicaid eligibility, from liberal Medicaid expansion in Washington, DC, to moderate expansion in Maryland and no expansion in Virginia. 1 Trauma centers are required to treat all patients, regardless of insurance status, but the same does not hold true for inpatient or outpatient rehabilitation and health service providers. Because of this requirement, uninsured patients are more likely to be discharged to home or to the community (ie, homeless), whereas insured patients are more likely to be discharged to a rehabilitation center or to receive home health services after their hospitalization. 1 Patients who are not eligible for transfer to a rehabilitation center or who cannot be discharged to home with home services frequently have to spend additional days in the hospital to recover to a point where they can be discharged safely. Although studies have examined the association of insurance status with mortality rates, 9 the association of Medicaid expansion eligibility with hospital length of stay (LOS) for injured patients remains poorly defined. The primary aim of this study was to determine whether expanded Medicaid eligibility under the ACA is correlated with a decrease in hospital LOS after injury, compared with payer systems that did not expand coverage. A secondary aim was to determine whether the degree of Medicaid expansion correlates with reductions in hospital LOS. We hypothesize that hospital LOS is reduced in states with Medicaid expansion after injury.
Methods
We performed a retrospective study of all adult patients with traumatic injury (hereinafter referred to as trauma patients) admitted to our level I urban trauma center from January 1, 2013, to March 6, 2016 . In the case of Maryland, however, only patients admitted after May 1, 2013, were included because Maryland did not implement the ACA and Medicaid expansion until this time. Insurance information was obtained from hospital financial records at the time of discharge and cross-referenced with the trauma registry. All patients with Medicaid or Medicare insurance and those who were uninsured were enrolled in the study. Because Medicare benefits are constant across all states, whereas Medicaid benefits vary by state, Medicare recipients were enrolled to provide a comparison between public-based insurance programs and the Medicaid expansion. Patients with commercial insurance, those whose payer information was not known, who resided in states outside the Washington, DC, metropolitan area, or who died were excluded. In addition, patients with severe head or pelvic injuries (denoted by an Abbreviated Injury Score [AIS] of 4 or 5; range, 1-5, with higher scores indicating greater severity) were excluded because they were expected to have prolonged hospitalizations at baseline. The institutional review board of George Washington University approved this study and waived the need for informed consent for this retrospective data analysis.
The following data points were collected for each patient: age, sex, Injury Severity Score (ISS; range, 0-75, with higher scores indicating greater severity), AIS for head and for pelvis, location of residence (Washington, DC; Virginia; or Maryland), and home zip code. Socioeconomic status (SES) was calculated using zip code data from the Centers for Disease Control and Prevention, including percentage of unemployed population (reversed), median household income, and percentage of population below the FPL (reversed) to create a neighborhood SES variable. Each of these 3 variables were standardized, their mean was calculated, and this resulting score was rescaled to range from 0 (lowest SES) to 100 (highest SES). Insurance status was classified as Medicaid, Medicare, or uninsured.
The primary outcome measure was hospital LOS. The primary question was whether the association of insurance with LOS varied by state of residence. In particular, we wanted to know whether a stepwise increase occurred in the LOS of Medicaid compared with non-Medicaid recipients from the location with highest (Washington, DC) to the lowest (Virginia) ACA Medicaid expansion. Data are summarized as the mean (SD) for continuous variables and as a proportion for categorical variables. Univariate associations with state and insurance type were examined using the χ 2 Meaning Expansion of Medicaid eligibility under the Affordable Care Act was associated with reductions in duration of hospitalization after injury; the potential cost savings should be further investigated.
highly correlated, we tested for collinearity using weighted regression before running multivariate models and removed variables that were highly collinear; thus, in the final models, all predictive variables had a variance inflation factor of less than 2.0. After adjusting for patient demographic characteristics, ISS, penetrating injury, and AIS for the head and pelvis, a multivariate linear model was created to predict LOS. We focused on the state by insurance interaction term, which would indicate whether the association of insurance by LOS varied by state. Because LOS was positively skewed, the natural log of LOS was used as the dependent variable. Subgroup analyses were then conducted within states and within insurance types. Because sample sizes were smaller than in the full analysis, we used backward elimination to maximize power, eliminating variables with P > .10 from the final models. All data analysis was performed using SAS software (version 9.3; SAS Institute Inc), with P < .05 considered to be statistically significant.
Results
During the study period, 4883 patients were admitted to our trauma service, of whom 2314 were included in the study. (Table 1 ). In Washington, DC, a mean of 24.5% (13.8%) of residents were below the FPL compared with 7.6% (5.5%) in Maryland and 9.2% (5.3%) in Virginia (P < .001).
Insurance type was significantly associated with age, sex, ISS, AIS for head and pelvis, rate of penetrating injury, and SES score ( Table 2) . Patients in the Medicaid and uninsured cohorts were younger compared with Medicare recipients; however, Medicare recipients also appeared to have more severe injuries with higher mean ISS and AIS. A notable finding was the difference in the SES score, which was nearly twice as high in uninsured patients compared with Medicaid recipients. We found no significant difference in postdischarge disposition between states ( Figure) . After adjusting for covariates, the interaction between state and type of insurance had a significant association with LOS (P < .001), indicating that the association between a patient's insurance status and their LOS varied by state. Because Medicaid eligibility is a function of the percentage below the FPL and because this figure is state dependent, differences in LOS are likely to be a function of differences in the Medicaid eligibility. Length of stay for Medicaid patients from Washington, DC, was significantly shorter (2.57 days; 95% CI, 2.36-2.79 days) than for patients from Maryland (3.51 days; 95% CI, 2.81-4.38 days; P = .02) or Virginia (3.90 days; 95% CI, 2.79-5.45 days; P = .05) ( Table 4) . We found no significant differences in LOS for uninsured patients between states; however, Virginia Medicare recipients had a significantly shorter LOS (2.06 days; 95% CI, 1.77-2.41 days) compared with Washington, DC, Medicare recipients (2.53 days; 95% CI, 2.31-2.77 days; P = .008). The mean LOS was 1.33 days shorter for Medicaid patients in Washington, DC, vs Virginia (P = .05), and 0.94 days shorter in Washington, DC, vs Maryland (P = .02). Compared with Medicaid recipients, uninsured patients had an LOS shorter by 0.6 days in Washington, DC (P < .001), and by 1.6 days in Virginia (P = .003).
Discussion
In this study, the patient's type of insurance coverage and their state of residence was significantly associated with hospital LOS, with reductions in LOS for Medicaid recipients in states that expanded Medicaid eligibility under the ACA. This finding is in line with those of previous studies, 10-14 which demonstrated strong correlations between insurance status and clinical outcomes, including duration of hospitalization. We also found that states with Medicaid expansion had lower uninsured rates compared with nonexpansion states, an important finding because lack of insurance coverage has been associated with reduced access to rehabilitation facilities after discharge and less favorable patient outcomes. 9, [15] [16] [17] [18] [19] Because the trauma patient population is disproportionately dependent on government-based health insurance programs compared with other patient populations, an understanding of the influences that federal-and state-level legislation have on patient outcomes is critical. Medicaid expansion and the cutoff for Medicaid eligibility is a statedependent decision. Medicaid eligibility for states participating in Medicaid expansion under the ACA is set at a minimum of 133% of the FPL, which is a measure of income established by the 2016 poverty level guidelines for the 48 contiguous states and Washington, DC.
20, 21 The Washington, DC, metropolitan area represents a unique patient catchment that encompasses payer systems with liberal, moderate, or no adoptions of the ACA. Specifically, Virginia did not participate in Medicaid expansion and retains restrictive Medicaid eligibility requirements such that all nonelderly, nondisabled One of the key goals of the ACA was to decrease the number of uninsured persons by providing easier avenues to private and public health insurance. 24 Although in our study cohort, the uninsured rate in Washington, DC, was 11.2% compared with 47.6% in Virginia, the uninsured rate compared with all patients admitted during our study period was approximately 8.9%, which is consistent with rates in previous literature. 5, 25 Our key finding of shorter hospitalization for Medicaid recipients in Medicaid expansion states is provocative, but these findings may be circumstantial to the particular states represented in our cohorts. To test this possibility, we evaluated Medicare recipients and the uninsured to provide some comparison between public-based insurance programs and the effects of Medicaid expansion. Because Medicare is entirely funded by the federal government, the LOS of Medicare recipients should be unaffected by the implementation of Medicaid expansion and the legislation of the ACA. Similarly, alterations to Medicaid eligibility should not affect LOS for uninsured patients. We found no pattern of reductions in LOS among states as a function of altered Medicaid eligibility in the uninsured or Medicare cohorts. The mean LOS for uninsured trauma patients was significantly lower than the LOS for those with public health insurance in Washington, DC, and Virginia, a finding that has been published elsewhere. 26 The reason for the discrepancy in uninsured LOS is unclear and likely to be multifactorial. The mean ISS among patients in our study was low, and few patients needed postdischarge rehabilitation regardless of insurance type, but often even mildly injured patients need postdischarge home services or equipment (eg, ambulatory assistance devices such as rolling walkers), which would have taken time to arrange and prolonged hospitalization. These services are paid for by Medicaid but are typically optional benefits for which patients qualify based on income level (ie, as a function of percentage of FPL).
27
Uninsured patients opted or were recommended for earlier discharge in the wake of being ineligible for Medicaidassociated benefits. In comparison, patients who qualified for Medicaid and therefore had easier access to outpatient services may have incurred longer hospitalizations in the pursuit of these resources. A secondary hypothesis could be that because the SES score of the uninsured cohort was nearly double that of Medicaid recipients, uninsured patients may have been able to arrange postdischarge needs more easily than Medicaid recipients. Studies identifying the effect of postinjury rehabilitation and home health services on quality of life, even for patients with low-acuity injuries, are needed to optimize use of resources and delineate disparities in care between the publicly insured and uninsured. We excluded the privately or commercially insured from our analysis for several reasons. First, Medicaid and Medicare are relatively uniform within states, but Medicaid and its associated benefits may differ among states depending on the optional benefits offered to eligible recipients. Private insurance plans, however, can vary widely in breadth and scope of coverage among patients regardless of state of residence, and therefore including the privately insured would introduce confounding biases that would make data analysis and interpretation difficult. Second, although the ACA created health insurance exchanges (also known as insurance marketplaces) to facilitate patient access to private insurance plans, differences in marketplace competition and variability in coverage between plans would likely confound results. 27 On a prospective basis, measuring the effects of the ACA among the privately insured and accounting for differences in coverage would yield interesting results on the interaction between government legislation and the private sector in trauma patients. Previous work has shown that the geographic distribution of trauma centers and prolonged transport times after severe injury may affect patient care and clinical outcomes. 28, 29 Evidence from the Medicare population has demonstrated that in patients who have undergone major surgery and are subsequently readmitted, an increased postdischarge travel distance more often leads to readmission to facilities other than the index hospital and fragmentation in care. 30 In the trauma population, the effect of postdischarge distance on readmission rates and outcomes has not been well defined. In our cohorts, the maximal possible distance that any resident of Washington, DC, can travel from our center is 16 km, and the mean distance traveled was 20.6 (7.1) km for Virginia Medicaid recipients and 31.8 (29.1) km for Maryland Medicaid recipients. We did not calculate the mean travel distance for Washington, DC, patients because the size of the cohort made the calculation impractical, and overall postdischarge travel distance was not included in our multivariate analysis. This decision may have biased our results to longer LOS for patients who lived further from our hospital, namely, Maryland and Virginia residents. However, in subgroup analysis of Virginia and Maryland patients, the Pearson correlation coefficients between LOS and distance from our center were −0.14 and −0.08, respectively, indicating no meaningful correlation. Therefore, the contribution of travel distance to our findings was likely to have been small. Finally, our multivariable linear model found that mildly injured patients in states that did not adopt the ACA had longer LOS. Moreover, this increase appears to have been graduated, mirroring the degree to which a state adopts and implements Medicaid expansion. Although the mean ISS in our study cohort was less than 7, we found significant differences in LOS among states. One would expect that in less injured patient populations, overall LOS would be relatively short, differences in LOS would be minimal, and the effect of health policy legislation on this patient population would be small. However, the ACA altered multiple components of Medicaid, including the interactions between postacute care rehabilitation services and reimbursement. 31, 32 The difference in LOS among Medicaid recipients is likely to be attributable to the unique package of Medicaid benefits, known as optional benefits, offered by each state. Although these benefits must be the same throughout a state, the breadth and scope of these packages often differ among states. 21 ,23 A patient's ability to qualify for these benefits is based on their income relative to the FPL and depends entirely on the eligibility criteria set by the state. 21, 23 Therefore, the differences found in Medicaid recipient LOS likely reflect these state-dependent optional benefit packages and therefore reflect changes in Medicaid eligibility set by the ACA.
Limitations
All studies are subject to limitations, and ours is no exception. First, our study design was retrospective in nature, with limitations inherent to its design, and represents the experience of a single institution. Our data analysis grouped all Medicaid recipients by state; however, as noted before, Medicaid and its associated benefits differ among states and among recipients within states. This subgroup heterogeneity may have skewed our results in unaccounted ways. Furthermore, our registry only captures insurance status at discharge, and some patients may have arrived at the hospital while uninsured and gained Medicaid coverage during their hospitalization. The difference in LOS may have been attributable to additional days that were spent obtaining some form of financial coverage to allow safe patient discharge. However, this possibility would be expected to have a negative effect on our results and would skew the result toward the null hypothesis. Our sample sizes in the Medicaid and uninsured cohorts in Virginia and Maryland were small, which is reflective of more restrictive Medicaid eligibility criteria; however, our small cohort sizes may have affected power and introduced type II error into our results. Finally, our data do not allow us to determine how many patients received and used home health services, such as physical, occupational, and/or speech therapies; home health aide visits; or access to equipment, and therefore we cannot address how use of those benefits affect postdischarge quality of life in the mildly injured population.
Conclusions
Expanded Medicaid eligibility under the ACA is associated with shorter hospital LOS in mildly injured Medicaid recipients. Moreover, our findings suggest a graduated reduction in LOS as Medicaid eligibility is increased. Future work investigating the disposition of trauma patients under the ACA on a national scale is needed to further illuminate the full association of Medicaid expansion with overall cost of care after injury.
